INTRODUCTION
============

Lung cancer is the primary cause of cancer-related mortality worldwide.[@B1] Non-small cell lung cancer (NSCLC) accounts for about 75% of all lung cancer cases.[@B2] Despite recent therapeutic advances in NSCLC, the overall 5-year survival is only around 15% for all stages.[@B1] The main reason for treatment failure is delayed diagnosis, as the disease has often already achieved local advanced or metastatic phases by the time it is detected.[@B3] Currently, there are no validated biomarkers for early lung cancer detection and tumor progression. Thus, the investigation of detective biomarkers has garnered great attention in lung cancer research.[@B4],[@B5]

Coagulation factors participate in inflammatory responses and tumorigenic conditions. About 50% of all cancer patients and 90% of patients with metastases show coagulation abnormalities of different levels,[@B6] and antithrombotic therapy has been reported to prolong survival time among patients with small cell lung cancer.[@B7] Additionally, coagulation factors have been shown to promote tumor cell growth, invasion, metastasis, and angiogenesis;[@B8] moreover, coagulation abnormalities have been suggested as affecting tumor dissemination via multiple mechanisms.[@B9],[@B10]

Factor XIII (FXIII), including fibrinogen and fibrin, contribute to the final step in the coagulation cascade. FXIII, also known as fibrin stabilizing factor, is a member of the transglutaminase family,[@B11] and is purported to exert anti-apoptotic effects on endothelial cells and promote angiogenic activity.[@B11] Active FXIII catalyzes the formation of covalent cross links between γ-glutamyl and ε-lysyl residues of adjacent fibrin monomers, mechanically strengthening fibrin and protecting the newly formed fibrin network from destruction by the powerful fibrinolytic process.[@B12] Since several FXIII substrates such as fibronectin and fibrinogen are known to be important in tumor stroma formation and metastasis,[@B13]-[@B15] it has been suggested that FXIII activity may also be important in tumor development and metastasis. Accordingly, many clinical studies have reported the association of FXIII with human malignancies, including oral cancer,[@B16] hepatocellular carcinoma,[@B17] ovarian cancer,[@B6] and leukemia.[@B18] However, the role of FXIII in NSCLC has not yet been studied.

The purpose of this study was to compare FXIII activity in NSCLC patients with that in matched healthy subjects, and to determine whether there are differences in FXIII activity level according to histological type and TNM stage.

MATERIALS AND METHODS
=====================

Subjects
--------

The NSCLC patients were prospectively enrolled at Korea University Ansan Hospital from September 2009 to March 2010. NSCLC was diagnosed through biopsies of primary lesions in patients with abnormalities on plain chest radiography and chest computed tomography scans. The stages of lung cancer were determined according to the National Comprehensive Cancer Network guidelines.[@B19] As a healthy control group, age-, gender-, body mass index (BMI)-, smoking status-, and smoking amount-matched subjects were selected among participants in the Korean Health and Genome Study (KHGS), an ongoing population-based prospective cohort study that has been conducted since 2001.[@B20] Participants with histories of cancer in other organs, coagulopathy, diabetes mellitus, dyslipidemia, cardiovascular disease, or any medications were excluded. The study protocol was approved by the institutional review board of the Korea University Ansan Hospital and informed consent was obtained from all study participants.

Factor XIII activity assay
--------------------------

Plasma samples were collected from NSCLC patients and healthy subjects, and stored at -80℃. The FXIII activity assay was performed using fluorescence-based protein arrays. To fabricate the fibrinogen arrays, well-type amine arrays were incubated with fibrinogen. Reaction mixtures were prepared in a solution containing CaCl~2~, thrombin and plasma. An aliquot of the reaction mixture was then applied to each of the array wells. After washing, FXIII-catalyzed cross-linking of biotinamido pentylamine and fibrin were probed with Cy3-conjugated streptavidin. The arrays were dried and scanned with a fluorescence scanner using a 543 nm laser (ScanArray Express, PerkinElmer Life and Analytical Sciences, Boston, MA, USA). The fluorescence intensity of array spots measured with the ScanArray Express program was representative of the FXIII activity in each sample. The FXIII activity was expressed as Loewy unit per milliliter (Loewy U/mL).[@B21]

Statistical analysis
--------------------

Differences in baseline characteristics between NSCLC patients and healthy subjects were analyzed using the Mann-Whitney test and presented as median and interquartile ranges (IQR). In subgroup analysis, the associations between FXIII activities and cell types or stages of NSCLC were analyzed by Kruskal-Wallis ANOVA. FXIII activities between two groups were compared using Mann-Whitney tests. We calculated Pearson correlation coefficients for estimating relationships between variables. All tests were two-sided, and differences of *p*\<0.05 were considered statistically significant. SPSS software version 12.0 (Statistical Package for Social Sciences, Chicago, IL, USA) was used for all statistical analyses.

RESULTS
=======

Subject characteristics
-----------------------

[Table 1](#T1){ref-type="table"} presents the baseline characteristics of the participants. The mean age of the 28 NSCLC patients was 64.4 years; 22 (78.6%) were male. There were no significant differences in age, gender, height, weight, BMI, smoking status and smoking amount between the NSCLC and healthy group. The histological types and stages of the NSCLC group are as follows: 13 adenocarcinomas, 11 squamous cell carcinomas, and four undifferentiated carcinomas; four stage I, two stage II, 12 stage III, and 10 stage IV NSCLCs ([Table 2](#T2){ref-type="table"}). The median activated prothromboplastin time (aPTT) was 29.0 second (normal range: 30-47 seconds).

Factor XIII activity
--------------------

The median FXIII activity level of the NSCLC group (24.2 Loewy U/mL, IQR 14.9-40.4 Loewy U/mL) was significantly higher than that of the healthy group (17.5 Loewy U/mL, IQR 12.6-26.4 Loewy U/mL) (*p*=0.01) ([Table 1](#T1){ref-type="table"}).

FXIII activity in patients with squamous cell carcinoma (median 28.7 Loewy U/mL, IQR 20.3-42.2 Loewy U/mL) was significantly higher than in the healthy group (median 17.5 Loewy U/mL, IQR 12.6-26.4 Loewy U/mL, *p*=0.01) ([Fig. 1](#F1){ref-type="fig"}). However, there were no differences in FXIII activity between the healthy group and patients with adenocarcinoma (median 18.6 Loewy U/mL, IQR 13.4-26.9 Loewy U/mL) (*p*=0.38) and between the patients with adenocarcinoma and squamous cell carcinoma (*p*=0.12). In addition, there were no differences in FXIII activity between patients with adenocarcinoma and those with squamous cell carcinoma of stages I-IIIa (median 14.00 vs. median 26.10, *p*=0.17) and of stages IIIb-IV (median 24.78 vs. median 28.69, *p*=0.35).

In the analysis based on TNM stages of NSCLC, FXIII activities were significantly different among the healthy group and patients of different NSCLC stage (*p*=0.02, by Kruskal-Wallis test). FXIII activity in patients with stage III NSCLC (median 27.3 Loewy U/mL, IQR 19.3-40.5 Loewy U/mL) was significantly higher than that in both the healthy group (median 17.5 Loewy U/mL, IQR 12.6-26.4 Loewy U/mL, *p*=0.01) and the patients with stage I or II NSCLC (median 14.0 Loewy U/mL, IQR 13.1-23.1 Loewy U/mL, *p*=0.04) ([Fig. 2](#F2){ref-type="fig"}). FXIII activity in patients with stage IV NSCLC (median 26.4 Loewy U/mL, IQR 16.8-55.2 Loewy U/mL) was significantly higher than that of the healthy group (*p*=0.03). However, there were no differences in FXIII activity between the patients with stage IV NSCLC and the patients with stage III NSCLC, or between the patients with stage IV NSCLC and patients with stages I or II NSCLC. Also, there was no significant difference in FXIII activity in separate analysis according to T stage, N stage, or M stage, respectively.

FXIII activity was negatively correlated with aPTT in NSCLC patients ([Fig. 3](#F3){ref-type="fig"}), but not with prothrombin time (PT). There was moderate negative correlation between FXIII activity and aPTT, in which the correlation coefficient was -0.38 (*p*=0.04) in itself, and -0.48 (*p*=0.03) when adjusted with PT.

DISCUSSION
==========

The results of this study showed that FXIII activity was higher in patients with NSCLC than in the healthy group. Patients with squamous cell carcinoma and stage III and IV disease showed significantly higher FXIII activities than those of the healthy group. Additionally, FXIII activity was higher in patients with stage III disease than in patients with stages I or II. Moreover, FXIII activity was negatively correlated with aPTT in NSCLC patients.

Coagulation abnormalities have been suggested to influence tumor dissemination via multiple mechanisms.[@B9],[@B10] The inhibition of coagulation factors, including FXIII, have been reported to decrease metastatic progression.[@B22],[@B23] In a previous study, elevated plasma fibrinogen was positively correlated with tumor size, advanced stage and squamous cell type of NSCLC.[@B15] Additionally, abnormal prothrombin time, higher platelet count, fibrinogen and D-dimer were all shown to be associated with poor prognosis in NSCLC.[@B24] Approximately 90% of cancer patients with metastasis and half of all cancer patients have abnormal coagulation parameters, including shortened aPTT and increased levels of other related coagulation factors.[@B25] Our results validated the relationship between coagulation factor levels and measured coagulation testing. FXIII is a heterotetramer that consists of two globular A subunits and two strand like B subunits.[@B26] FXIII is responsible for the formation of fibrin in the final stage of coagulation cascade,[@B27] and participates in hemostasis, angiogenesis, wound healing and maintenance of pregnancy.[@B28] The levels of FXIII-A subunit, which are converted from FXIII, are usually higher in females, elderly patients, and smokers.[@B28] Therefore, in our study, 28 NSCLC patients were compared with individually age-, gender-, BMI-, smoking status-, and smoking amount-matched healthy subjects.

Studies of FXIII activity in tumor biology are scarce. FXIII has been shown to support metastasis primarily by limiting NK cell-mediated clearance of micrometastatic tumor cells through cross-linking fibrin,[@B22] which is also supposed to function as a promoter for stable adhesion for early metastasis.[@B14] FXIII also plays an important role in tumor angiogenesis by direct stimulation of endothelial cell proliferation, migration and survival.[@B11] In this study of NSCLC, FXIII activity in patients with advanced stage disease was significantly higher than that in patients with earlier stage disease, which was consistent with a previous study regarding the potential role of FXIII in tumor biology.[@B11],[@B14] The reasons for the increased FXIII activities are supposed to be due to increased FXIII-A secretion from damaged tumor-associated macrophages and increased vascular permeability factor/vascular endothelial growth factor (VEGF), which is a key element for angiogenesis and coagulation/fibrinolysis activation.[@B29] This phenomenon was predominant in squamous cell carcinoma rather than in adenocarcinoma, according to a previous report.[@B30] Considering our results, FXIII activity may be a potential novel biomarker for NSCLC, and further investigations are necessary to reveal the effect of FXIII activity on cell type, progression, and prognosis in NSCLC patients. However, there are some contradictions with the reports in patients with breast cancer[@B31] and advanced gastrointestinal tumors,[@B32] as these patients had reduced FXIII levels.

There are some limitations to the present study. First, the sample size was small. In order to match age, gender, BMI, smoking status, and smoking amount and exclude factors which could potentially influence FXIII activity, a limited number of NSCLC patients and participants from KHGS were enrolled. Therefore, it was impossible to perform subgroup analysis of undifferentiated cell types or make comparisons with other cell types. Second, because this was a cross-sectional study, the effect of FXIII activity on prognosis could not be evaluated. Finally, the relationship of other coagulation factors such as fibrinogen and D-dimer were not analyzed.

In conclusion, FXIII activity in NSCLC patients and patients with advanced stages was significantly increased compared to those of strictly matched healthy subjects and patients with earlier stages of disease, respectively. These findings suggest potential roles for FXIII in NSCLC progression. Therefore, further studies with larger sample sizes are necessary to investigate the role of FXIII in lung cancer biology.
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![FXIII activities were significantly different among the healthy, adenocarcinoma, and squamous cell carcinoma groups (*p*=0.03). FXIII activity in squamous cell carcinoma (median 28.7 Loewy U/mL, IQR 20.3-42.2 Loewy U/mL) was significantly higher than that in the healthy group (median 17.5 Loewy U/mL, IQR 12.6-26.4 Loewy U/mL, *p*=0.01), but there were no differences between adenocarcinoma (median 18.6 Loewy U/mL, IQR 13.4-26.9 Loewy U/mL) and squamous cell carcinoma. Comparisons were performed using Kruskal-Wallis and Mann-Whitney tests. FXIII, factor XIII; Adeno, adenocarcinoma; Squamous, squamous cell carcinoma; IQR, interquartile range.](ymj-54-1394-g001){#F1}

![TNM stage of NSCLC significantly influenced FXIII activity (*p*=0.02). FXIII activity in patients with stage III NSCLC (median 27.3 Loewy U/mL, IQR 19.3-40.5 Loewy U/mL) was significantly higher than that in both the healthy controls (median 17.5 Loewy U/mL, IQR 12.6-26.4 Loewy U/mL, *p*=0.01) and the patients with stage I or II disease (median 14.0 Loewy U/mL, IQR 13.1-23.1 Loewy U/mL, *p*=0.04). FXIII activity in patients with stage IV NSCLC (median 26.4 Loewy U/mL, IQR 16.8-55.2 Loewy U/mL) was significantly higher than that in the healthy group. Comparisons were performed using Kruskal-Wallis tests and Mann-Whitney tests. NSCLC, non-small cell lung cancer; FXIII, factor XIII; IQR, interquartile range.](ymj-54-1394-g002){#F2}

![aPTT and FXIII activity showed a significant correlation in NSCLC patients (r=-0.38, *p*=0.04). aPTT, activated prothromboplastin time; FXIII, factor XIII; NSCLC, non-small cell lung cancer.](ymj-54-1394-g003){#F3}

###### 

Basic Characteristics of Participants
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BMI, body mass index; NSCLC, non-small cell lung cancer; FXIII activity, factor XIII activity; IQR, interquartile range.

###### 

Characteristics of NSCLC Patients
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CRP, C-reactive protein; aPTT, activated partial thromboplastin time; PT, prothrombin time; CEA, carcinoembryogenic antigen; NSCLC, non-small cell lung cancer.

^\*^Ref. means reference range.
